Abstract: According to the International Diabetes Federation (IDF), 190 million people worldwide suffer from diabetes, and this number is estimated to double by the year 2025. Diabetes is especially prominent in the elderly population because the IDF indicates age above 45 years as a major risk factor for diabetes. The most common trials for controlling diabetes focus on tighter glucose control as a means to reduce the long-term complications. However, whether tight blood sugar control or other dietary or pharmaceutical interventions in the elderly are more appropriate is not known. Major changes have taken place in our diet over the past 10,000 years since the beginning of the Agricultural Revolution, but our genes have not changed. Furthermore, the large numbers of diabetic elderly in the population are a recent phenomenon, because those with diabetes have historically died young. Genetically speaking, humans today live in a nutritional environment that differs from that for which our genetic constitution was selected. For example a high omega-6/omega-3 ratio, found in today's Western diets, promotes the pathogenesis of many chronic diseases, including cardiovascular disease and diabetes. Knowing who is at risk would be useful if it meant that one could avoid the environmental triggers that convert susceptibility to disease. The prospect of targeting specific dietary treatments at the elderly, who are predicted to gain the most therapeutic benefits, clearly has important clinical and economic consequences. In this review, we will discuss modern molecular genetic and epidemiological techniques which are now, or soon will be, made available by inexpensive whole-genome sequencing and other whole genome approaches to treat the elderly diabetic population.
Introduction
The number of people suffering from diabetes currently stands at 190 million worldwide, and this number is estimated to double by the year 2025 (http://www.diabetesatlas.org). The elderly diabetic population is increasing every year as the baby boom population peaks, yet we do not know the appropriate dietary interventions to treat this population. Strict glucose control is the treatment of choice in young diabetics, but this is not necessarily the optimal treatment in the elderly. 1 Furthermore, a dietary intervention in one person might not work in another person because they have a different genetic composition. [2] [3] [4] [5] [6] [7] [8] [9] [10] It is even possible that a dietary intervention in one elderly identical twin might not work in the other twin because they have a different epigenetic composition that is represented by the "DNA methylome" or the whole genome DNA methylation profile. [11] [12] [13] [14] [15] Several reviews discuss dietary interventions to treat the diabetic population, and a few have focused on the elderly diabetic population. [16] [17] [18] [19] [20] However, this review is unique because we will propose future studies based on inexpensive whole genome sequencing technologies to develop a personalized nutrigenomic based therapy to treat the elderly diabetic population. We will describe how whole-genome sequencing is done, and how one can correlate individual nutrients to changes in gene expression and DNA methylation patterns. With this information, we will describe how one can determine the optimal nutrients an elderly diabetic person needs to maximize his or her health.
History of treating the diabetic population
Before Banting and Best used insulin to treat diabetes in humans in 1922, for which they won the 1923 Nobel Prize in Physiology and Medicine, 21 the preferred treatment of diabetes was starvation therapy. 21, 22 Those with type 1 diabetes lack insulin, usually because the islet cells in the pancreas were destroyed, in most cases, by an autoimmune reaction. 23, 24 Insulin is secreted by the islet cells in the pancreas after a person eats, thereby activating glucose channels throughout the tissues of the body that move glucose from the blood to inside the cells to restore energy levels. [25] [26] [27] [28] In the absence of insulin, the body's glucose metabolism is thrown into disarray because glucose does not get pumped into the cells appropriately. Starvation, on the other hand, bypasses the insulin-signaling pathway because, even in healthy people, insulin is not produced at very high levels. Consequently, starvation therapy or otherwise severe caloric restriction allows a diabetic, even in the absence of insulin treatment, to survive an otherwise lethal disease. 21 Unfortunately, prior to the development of insulin, those suffering from diabetes would usually die in their teens to early to late 20s because of other complications caused by diabetes.
Therefore the elderly diabetic population is a relatively recent phenomenon. Children who were born after 1934 are in their 70s and 80s now, whereas children born 1 or 2 decades before 1934 would have died at a young age because of the complications of diabetes. Since this population overlaps with the baby boom population born between 1945 and 1962, this means that in the next decade or two, we will be having an explosive growth of elderly with diabetes.
Fortunately, we are just beginning a new revolution in biology called personalized medicine, [29] [30] [31] [32] [33] which includes nutritional genomics. [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] Nutritional genomics utilizes whole genome sequencing, gene expression, and DNA methylation technologies to best define the optimal medicine or diet to maximize human health. A medicine or diet will soon be customized for the individual based on his or her genome sequence.
Fad diets are not the answer
In an earlier review, I proposed a "Dietary Ames Test" to validate the efficacy of fad diets. 45 I was concerned that people, mostly without any scientific credentials, were proposing often dangerous and ill-conceived radical changes in a person's diet to control the obesity epidemic. For example, the Atkin's Diet proposes that one eats mostly meats and fats and very few carbohydrates. 46 In contrast, the South Beach Diet proposes that one eats very few meats and fats. 47 In our "Dietary Ames Test" we fed Drosophila either pure ground beef diets or other types of extreme diets and we found, not surprisingly, that these diets dramatically reduced the lifespan of the fruitflies. 48 This was not surprising, at least to us, because most dieticians prescribe a well balanced diet that includes both carbohydrates and fats. While the so-called "food pyramid" often changes in details over the decades, the well-rounded advice is always given.
Most nutritionists believe that the only way to reduce weight, and thereby decrease the risk of type 2 diabetes, is to reduce the caloric intake. The reason that the Atkin's or South Beach diets work to some extent is that the person on the diet presumably reduces his or her caloric intake. However, everyone responds to a particular nutrient differently and it would be helpful to understand how a person's genetic makeup influences his digestion of a particular nutrient. To take an extreme example that is commonly known, someone with phenylketoneuria (PKU) cannot metabolize phenylalanine. [49] [50] [51] Consequently, if someone with PKU is given a diet rich in phenylalanine, they will get very sick because of a toxic buildup of this amino acid. Therefore, for many years, a newborn's blood has been tested for the genetic mutation that causes PKU. 52, 53 The easiest way to think about what personalized nutrigenomics is to imagine that everyone on earth has some sort of PKU-like disease to a minor or severe extent. In fact, each individual probably has not only a single PKU-like disease, but potentially dozens or hundreds of such diseases. 54, 55 Food containing phenylalanine is bad for PKU patients. Maybe for you, omega-3 fatty acids are especially toxic because they cause your triglyceride levels to rise dramatically, for instance. Maybe for someone else, omega-6 fatty acids have this effect. At this point, this is purely hypothetical, but we will soon be able to determine the diet-by-gene-by-phenotype (D × G × P) interactions on a genome-wide scale for large populations. For the purposes of this review, we will focus on the elderly diabetic population. 
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How whole genome sequences are obtained
What makes personalized medicine and nutritional genomics possible is the advent of inexpensive whole-genome sequencing. In the 1980s and 1990s, DNA sequencing was done 1 DNA molecule at a time. First, in "Maxam and Gilbert" or "chemical sequencing" the phosphodiester bond was broken chemically at particular bases and the end-labeled DNA was run on a long polyacryamide gel -each lane with a separate reaction. 56 An investigator, usually a technician or a graduate student, would spend endless hours deciphering each G, A, T, and C. Next came Sanger or "dideoxy sequencing" where a primer annealed to single-stranded DNA and DNA sythesis was terminated by dideoxy nucleotides that had a Hydrogen (H) at the 3′ position of the ribose ring to terminate transcription. 57 Again, the end-labeled DNA fragments were separated on a long polyacrylamide gene with 1 reaction per lane (ddG, ddA, ddT, and ddC lanes). Next, came the advent of capillary DNA sequencers where the ends of the dideoxy nucleotide reactions were labeled with different colors for G, A, T, and C and the mixture was size separated on long and thin capillaries filled with a liquid-based matrix. 58 The sequence was measured automatically by detecting the color of the DNA fragment that ran off the end of the capillary tube.
Capillary sequencing is very accurate and sufficiently powerful to allow the successful completion of several model genomes and even the human genome. 54 However, it was not until the advent of so-called "next-generation" sequencing that made whole genome sequencing affordable for the individual laboratory. 59 The first human genome sequence cost over US$1 billion dollars, but next generation sequencing has enabled the National Institutes of Health to sequence an entire human genome for under US$1000. 60 With instruments that are on the market today, the cost of a human genome sequence is in the US$10,000 to US$20,000 range, but in the next few years, the goal of the "$1000 genome" is expected to be reached.
The next generation is similar to dideoxy sequencing, but rather than sequencing a few dozen DNA molecules at a time, depending on how many capillaries are on the instrument, several million DNA molecules are sequenced simultaneously. What is done on the Solexa HiSeq2000 is to load a DNA library onto a flow cell that contains more than 60 million oligonucleotides, which anneal to each probe in the library ( Figure 1A) . 61 Sequencing is done 1 base at a time, in a process called "sequencing by synthesis". As with capillary sequencing, fluorescent labeled nucleotides, each base being a different color, are added to the flow cell.
However, unlike capillary sequencing, only a single base is added after each reaction because the fluorescent molecule is at the 3′ position on the ribose base and therefore terminates DNA replication. At this point, a picture of the more than 60 million colored dots is taken and each of the 4 colors corresponds to the first base sequence for that molecule in the library. This is done currently for up to 150 nucleotides for each molecule in the library. The library is constructed in such a way that 150 nucleotides can also be sequenced from the other end of each molecule in the library, giving a total of 300 nucleotide sequences for 60 million clones in the library, or roughly 18 billion nucleotides of DNA sequence from a single lane in the flow cell (http://www.illumina. com/systems/hiseq_2000.ilmn). Since the HiSeq2000 has 16 lanes, 8 lanes in each of 2 flow cells, a single run of this instrument, which takes more than 1 week, can generate almost 300 billion nucleotides of DNA sequence. The human genome is approximately 4 billion nucleotides, so that a single run should produce a ∼75× coverage of 1 human genome, which is sufficient for detecting most SNPs. Because upgrades on the HiSeq2000 instrument occur several times per year, it is likely that several human genomes can be sequenced to a sufficient depth for each run of the instrument. At the time of this review, the largest purchaser of the HiSeq2000, which is the most popular of next-generation DNA sequencers, is BGI (which changed its name from the Beijing Genome Institute). This organization is part of the plan of the Chinese government to modernize its economy (www.genomics.org.cn).
While powerful and fast, it is not likely that instruments such as the HiSeq2000, or a competing instrument from Roche called a 454 Sequencer, will bring the cost of a human genome sequence to under US$1000 (www.454.com). What should succeed, are so-called "third-generation DNA sequencers", which can sequence individual DNA molecules without amplification. The Illumina and Roche instruments require "polony" amplification, 62 which is a polymerase chain reaction (PCR) amplification on a solid surface (Illumina) or in a microsphere. Such polony (short for PCR colony) amplification is required because the current detectors are not sensitive enough to detect a single DNA molecule. However, third-generation DNA sequencers, such as one recently on the market from Pacific Biosciences (PacBio), can detect single molecules by using different technologies (www. pacificbiosciences.com). The PacBio instrument uses a DNA polymerase attached to the bottom of a wave guide in which a DNA molecule is replicated. [63] [64] [65] As the DNA is replicated, the sequence is determined by the amount of time each base takes to be added to the growing change -each of the 4 bases, G, A, T, C, has a unique time signature ( Figure 1B) . Remarkably, this instrument can even sequence 5-methyl-cytosine and 5-hydroxy-methyl-cytosine, the so-called 5th and 6th bases, 66 because they too have a unique time signature that differs significantly from the other 4 bases. C and 5hm C will be discussed further in a later section.
The PacBio third-generation DNA sequencer is, like the second-generation sequencers, a "sequencing-by-synthesis" machine because the DNA needs to be replicated to be sequenced. A more radical type of third-generation DNA sequencer does not replicate the DNA, but rather sequences the DNA molecules as they pass through nanopores which are only wide enough for a single stranded DNA fragment to pass through. [68] [69] [70] [71] [72] [73] The nanopore technology "reads" the DNA sequence by measuring the conductance changes as the DNA threads its way through the nanopore ( Figure 1C) .
In summary, the second-generation DNA sequencers have already made whole genome DNA sequencing affordable to the average laboratory. The third-generation DNA sequencers, when they are further developed, promise to bring the cost of whole genome sequencing down to what is affordable to the patient or health care provider. When large enough numbers of patient DNA sequences are available, 
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Personalized nutrigenomics for the aging diabesity population the era of personalized medicine and personalized nutrition will be here. While many details still need to be worked out, this era will be here within the next couple of years.
Quantitative trait nucleotides can be identified in the elderly diabetic population
Quantitative trait nucleotides (QTNs) are nucleotide polymorphisms that significantly correlate with a quantitative trait. 74 The most famous example of a QTN is a single nucleotide polymorphism (SNP) (from an A to a T), which changes the sixth codon of the hemoglobin gene (from a glutamic acid to a valine) and thereby alters the protein so that it causes sickle cell anemia. Linus Pauling discovered this in 1949 by direct protein sequencing, which is the first example of a characterized genetic disease. 75 If the normal allele is called H and the sickle allele is called S, then H/H and H/S people will be normal, but S/S people will develop sickle cell anemia. In other words, the SNP that causes the S allele is a QTN for sickle cell anemia. However, the SNP that causes the S allele is also a QTN for malaria resistance because H/H people will develop malaria but H/S people are resistant to malaria.
The goal of QTN analysis in the elderly diabetic population is to find SNPs that correlate with a phenotypic outcome. For example, if you sequence the genomes of 1000 patients with diabetes and 1000 patients without diabetes, and you identify an SNP that is present in all 1000 diabetic patients but in none of the non-diabetic patients, then you have a 100% correlation between that SNP and diabetes (ie, r = 1.0; P = 0). Of course, in real life, such perfect correlations rarely occur, but one need only search for SNPs that have a highly significant correlation (eg, r = 0.94; P = 0.001 after multiple comparisons correction).
How would one identify QTNs? The 1000 human genome project has identified more than 70 million SNPs in the human population, as well as millions more insertions and deletions and other rearrangements. 55 One could identify QTNs by making a chart of all 70 million SNPs on the x-axis and then the LOD score (logarithm [base 10] of odds) on the y-axis (Figure 2 ). On the y-axis, there is also a dashed line that indicates the significance threshold that you set for identifying SNPs (such as 0.001 after multiple comparisons corrections). Therefore, any of the 70 million SNPs with LOD scores that extend above the threshold are, by definition, QTNs.
Why are QTNs useful? QTNs are useful because one can infer from the genome sequence of an elderly patient, his or her risk for developing diabetes later in life. QTNs are also helpful in characterizing quantitative trait transcripts (QTTs) and other types of quantitative traits described in the next sections.
Gene expresson patterns vary from individual to individual
The first method to be used in personalized medicine and personalized nutrigenomics is called quantitative trait transcripts or QTT. 45, [76] [77] [78] [79] In the QTT method, whole genome expression profiles are done for a large number of patients from a particular biospecimen -the more specific the biospecimen, the better. For example, CD4+ blood cells would be better than whole blood, and deep abdominal adipocytes would be better than less-specifically isolated adipocytes. Alternatively, if one is working with induced pluripotent stem cell (iPSC) derived tissues, which will be described in a later section, then cells of a particular type should be isolated as purely as possible.
The whole genome expression profiles are traditionally done by DNA oligonucleotide arrays, or DNA microarrays or gene expression arrays for short, which were first developed in 1987. 80 Miniaturized versions were developed in 1995 by Donald Brown laboratory at Stanford. 81 In DNA microarrays, 1 or several oligonucleotides, which are complementary to each of the 20,000 or more genes in humans, is arrayed on a slide. Relative gene expression levels are determined by fluorescent labeling of cDNAs, made from purified mRNA isolated from the tissues, and then hybridizing the labeledcDNA to the oligonucleotide arrays. 
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A more precise and arguably more quantitative approach to quantify the amount of mRNA from a tissue is to use the next-generation DNA sequencing technology described in the previous section. Here one would sequence the cDNA directly with the instrument. The advantage of next-generation sequencing cDNAs, also called RNA-Seq, is that one can also measure alternative transcription start points and alternative splicing products in the genes. 65, [82] [83] [84] Some of these products might be patient specific and would be missed by the DNA microarrays. Also, the RNA-Seq technique is thought to be accurate over 2 to 3 logs of expression levels (ie, 100-to l000-fold) whereas DNA microarrays are accurate only within a single log (ie, 10-fold or fewer changes in expression). The RNA-Seq technique is also called "digital gene expression" because one can normalize the amount of expression for a particular gene or splice product simply by counting the number of sequenced molecules. Complex normalization techniques must be done with DNA microarray data because each array would have a different amount of total fluorescence because of labeling differences and other artifacts of cDNA synthesis. Nevertheless, gene expression arrays still have many advocates because they are currently less expensive and the data is more automated and therefore easier to analyze than RNA-Seq, and RNA-Seq has its own artifacts of hotspots and cold spots for regions of the cDNAs that are sequenced. 85 Finally, when one has completed the gene expression analyses of a large number of patients from a specific tissue, then one can identify QTTs. QTTs are transcripts that have a one-to-one match with the phenotype that is being interrogated. For example, if the phenotype in question is the degree of change in triglyceride levels after eating 10 g of omega-3 fatty acids every day for 1 month, then one could arrange the 1000 patients in order of the change (Figure 3) . For the sake of argument, let us say that 500 patients have an increase in triglyceride levels in their whole blood and 500 patients have a decrease in triglyceride levels in their whole blood. A QTT would be a transcript that most closely matches the phenotype by a statistical technique called regression analysis, developed by Legendre in 1805, 86 and by Gauss in 1809. 87 A perfect one-to-one match between the degree of triglyceride change and a change in gene expression in whole blood would have a correlation coefficient of 1.0 (r = 1.0; P = 0). Of course, in real life with real data, perfection is never achieved and one would see a highly significant correlation coefficient (eg, r = 0.92; P = 0.001, after multiple comparisons correction).
What is a QTT? There are actually 2 main types of QTTs, so-called "hub" genes and "spoke" genes. As their names imply, hub genes are more important because they are the master regulators of many other genes, the spoke genes (think of a bicycle wheel). Hub genes and spoke genes can be functionally validated in model organisms by knocking out or over expressing the genes. If a hub gene is over expressed, for instance, then all of the spoke genes will be over expressed, too. However, if a spoke gene is over expressed, it will not have any effect on the hub gene or the other spoke genes.
What are hub genes? Hub genes are master regulatory molecules that regulate expression of a large number of spoke genes. They could be transcription factors (either positive or negative), translation factors, or any one of a number of proteins in a key signaling pathway. Spoke genes can be further characterized by looking for conserved motifs in either the promoter region (for transcription factors) or in the 3′ untranslated regions of the genes (for translation regulators). If a common motif is identified, then the hub gene is likely to function (either directly or indirectly) through the motif. Again, this can be validated in model organisms or human tissue culture cell systems.
Why are hub genes important? Hub genes are important because they are the master regulators of the spoke genes, and therefore are prime targets for nutritional or pharmaceutical interventions. For example, if the hub gene encodes a transcription factor that activates a large number of lipases, and a drug causes the activation of this transcription factor, then 
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Personalized nutrigenomics for the aging diabesity population the large number of lipases will increase in activity. If, on the other hand, a drug is developed that activates a single one of the lipases (on one of the spokes), then that drug will probably have much less efficacy than the drug that targets the transcription factor (ie, the hub).
In the next few sections, we will discuss other bioinformatic approaches that are similar to the QTT approach. The ultimate goal of this review is to find an approach, or approaches, which allows one to identify the optimal personalized diet for the elderly diabetic population.
DNA methylation patterns reflect the environmental input on the genome
In addition to QTTs, described in the previous section, one can also measure quantitative trait methyl-cytosines (QT m C) and quantitative trait hydroxymethyl-cytosines (QT hm C). 5-methyl-cytosine ( 5m C) and 5-hydroxymethyl-cytosine ( 5hm C) are called the "fifth base" and the "sixth base" because they are covalent modifications of the DNA that can be recognized by nuclear proteins, and because they have distinct functions in regulating gene expression. [89] [90] [91] The human genome has 70% to 80% methylation of all of its CpGs, but most of these CpGs are in transposons that are methylated to prevent their expression, and in gene bodies and intergenic regions that do not affect transcription of the gene ( Figure 4 ). The promoters of more than half the human genes have "CpG islands", which have a relative enrichment of CpGs (ie, GC content) that are under methylated relative to the rest of the genome. In fact, the degree of methylation in the CpG island is inversely proportional to its degree of expression, ie, the more under methylated, the higher the gene expression.
The pattern of DNA methylation throughout a cell, which differs from tissue to tissue, is called the DNA methylome. [92] [93] [94] [95] The DNA methylome also differs from person to person, but is nearly identical in newborn identical twins. [96] [97] [98] [99] [100] [101] [102] However, as the twins age, the DNA methylomes drift further and further apart, presumably because the DNA methylome may reflect the different environments that the twins inhabit during their lifetimes.
DNA hydroxymethylation was discovered in 2009 by 2 laboratories -Anjana Rao's laboratory at Harvard 103 and Nat Heinz's laboratory at the Rockefeller Institute. 88 These laboratories found 5hm C at relatively high levels in embryonic stem cells (ESC) and in Purkinje cells, which are among the largest neurons in the mammalian brain. One hypothesis is that 5hm C is how 5m C gets "de-methylated" by the enzyme TET (ten-eleven translocation) which converts 5m C to 5hm C by an oxidation reaction. 103 There is no known enzyme that converts 5hm C to C, nor are there any known 5hm C binding proteins, but 5hm C modified DNA cannot bind to methyl binding proteins or DNA methyl transferases (Dnmts), so that they would lead to "passive" de-methylation as the DNA replicates several times. 90 One can analyze the DNA methylome or DNA hydroxymethyome using second and third-generation DNA sequencing technologies. The chemical bisulfite (BS) converts Cs to Us but does not affect 5m Cs efficiently. Therefore, in the secondgeneration BS-Seq technique, one converts the entire genome Cs to Us with BS and then shotgun sequences the entire genome. In the third-generation DNA sequencing technique, as described in an earlier section, one can directly sequence the 5m Cs and 5hm Cs based on the physical and chemical properties of these bases. 67 How does one perform QT m C and QT hm C? One can identify quantitative differences in DNA methylation and hydroxymethylation at all of the cytosines in a large population, such as a large elderly diabetic population for the purposes of this review. One can then perform regression analysis, as described in the previous section, to identify DNA methylation and hydroxymethylation events, which are significantly correlated with phenotypic changes induced by a dietary compound, such as omega-3 fatty acid in the prior example ( Figure 4) . Why is QT m C and QT hm C information helpful? This information is helpful because it can potentially identify targets of the dietary compound in the genome. For example, it is known that nuclear hormone receptors can cause rapid methylation or demethylation of promoters. [104] [105] [106] If one identifies 5m C or 5hm C changes in a nuclear hormone binding site, then one could hypothesize that the nuclear hormone receptor is a direct or indirect target of the dietary compound. One could then use the quantitative degree of change in 5m C or 5hm C as a measure of the effectiveness of the dietary compound on that elderly diabetic patient.
Metabolomic changes reflect diet and vary according to genotype
In addition to the QTT, QT m C, and QT hm C approaches described earlier, one can also analyze the quantitative differences in metabolites after a dietary intervention. We call this approach "quantitative trait metabolomics" or QTM. The advantage of QTM is that one can directly correlate multiple metabolomic changes that occur when a person takes a dietary supplement in a large clinical trial.
QTMs are measured with a variety of techniques, but the most common technique is capillary electrophoresis followed by mass spectrometry (CE-MS). The metabolites from a tissue, such as whole blood or fat cells, are separated by capillary electrophoresis and then quantified and identified by mass spectrometry. [107] [108] [109] [110] [111] [112] Quantifying the levels of the metabolites is difficult, but critical in the QTM approach because one needs to correlate changes in the metabolite with the phenotype being measured. In the example used throughout this review, an unknown metabolite can be correlated with changes in triglycerides (which are also metabolites) after omega-3 fatty acid ingestion for 1 month.
Why are QTMs important? QTMs are important because you might be able to identify a metabolite that leads directly to changes in triglyceride levels after ingesting a particular nutrient. One can then use the measure of the change in that metabolite as a direct functional readout in the efficiency of the nutrient in changing triglyceride levels. One might also design novel drugs based on that metabolite that efficiently change triglyceride levels in a manner than is customized for the individual elderly diabetic.
Stem cells will soon be used in combination with nutritional genomics to treat the elderly diabeitic population
Induced pluripotent stem cells (iPSCs) were developed by Takahashi and Yamanaka in 2006 by introducing 4 stem cell genes into adult fibroblasts. 113 This technology can also be used in personalized nutrigenomics in the elderly diabetic population. The iPSCs can be made from a variety of somatic cell types, such as CD4+ blood cells, [114] [115] [116] [117] hair root keratinocytes, [118] [119] [120] or fibroblasts isolated from skin plugs. [121] [122] [123] [124] The advantage of using iPSC over direct tissue biopsies is that they can be converted to potentially any cell type in the body. For example, one can convert iPSC to neuroblasts by treating them with Noggin and other neuronal growth factors. [125] [126] [127] This obviates the need to take biopsies of the patients' brains, which would be ethical only if the patient had needed brain surgery for some other ailment.
The iPSC from thousands of elderly diabetic patients can potentially be converted to any cell type in the body, and used to conduct QTT, QTmC, QThmC, and QTM experiments to identify how a particular nutrient or nutritional supplement affects transcription, DNA methylation or hydroxymethylation, or the metabolome in that tissue. This will allow a doctor to understand how a particular nutrient affects any tissue in the body at the individual patient level.
Where does the future lie?
In this review, we discuss how nutritional genomics brought about by inexpensive whole genome sequencing will soon lead to a revolution in treating the elderly diabetic population. We should discover how the SNPs in a person could cause a change in susceptibility to a drug or a diet. The great potential of these techniques lies not only their individual power, but in their combined synergistic power when used simultaneously in a massive multidimensional experiment.
Once these experiments are conducted on a large elderly diabetic population with know genomic sequences and known DNA methylation patterns, then one can apply this knowledge to predict the effects on a patient in a test group, which was not part of the so-called "training group". 128 In other words, a doctor can potentially send his patient's tissue sample to a bioiformatics/sequencing laboratory and obtain a diet and drug regimen that is personalized and optimized for that patient. This is the future of personalized medicine and nutrigenomics in the elderly diabetic population. 
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